NGC 1097 is a nearby SBb galaxy with a Seyfert nucleus and a bright starburst ring. We study the physical properties of the interstellar medium (ISM) in the ring using spatially resolved far-infrared spectral maps of the circumnuclear starburst ring of NGC 1097, obtained with the PACS spectrometer on board the Herschel Space Telescope. In particular, we map the important ISM cooling and diagnostic emission lines of [OI] 
Introduction
NGC 1097 is a Seyfert 1 galaxy with a bright starburst ring with a diameter of 2 kpc and a strong large-scale bar (Gerin et al. 1988; Kohno et al. 2003; Hsieh et al. 2008 ) with a length of 15 kpc. Optical and near-infrared images reveal dust lanes that run along the primary large-scale (15 kpc) bar and curve into the ring, which is formed by two very tight spiral arms, and a second bar inside the ring (Quillen et al. 1995; Prieto et al. 2005 ). This bar may be responsible for driving gas into the nucleus, possibly fueling the central super-massive black hole (Prieto et al. 2005; Fathi et al. 2006; Davies et al. 2009 ), and may also have triggered the formation of a compact star cluster seen near the nucleus. NGC 1097 provides an excellent opportunity to study the physical conditions of the interstellar medium (ISM) in a nearby galaxy with both a starburst and an active nucleus.
The nucleus and the star-forming ring are prominent in CO and HCN line emission (Kohno et al. 2003) . Near-infrared spectroscopy (Reunanen et al. 2002; Kotilainen et al. 2000) reveals emission from both ro-vibrational H 2 and H-recombination lines at the nucleus, the star-forming ring, and the region in between. Optical long-slit spectroscopy (Storchi-Bergmann et al. 1996) shows strong ionized gas emission from both the nucleus and ⋆ Herschel is an ESA space observatory with science instruments provided by European-led Principal Investigator consortia and with important participation from NASA. ⋆⋆ Hubble Fellow the ring, along with faint line emission from the inner region, exhibiting a LINER-type spectrum.
With Herschel/PACS (Poglitsch et al. 2010) we are now able to target the most important cooling lines of the warm ISM on physical scales much smaller than ever before possible in external galaxies. The KINGFISH project (Key Insights on Nearby Galaxies: a Far-Infrared Survey with Herschel -PI: R. C. Kennicutt) is an open-time Herschel key program which aims to measure the heating and cooling of the gaseous and dust components of the ISM in a sample of 61 nearby galaxies with the PACS and SPIRE instruments. The far infrared spectral range covered by PACS includes several of the most important cooling lines of the atomic gas, notably [CII] Sandstrom et al. (2010) in this volume and for SPIRE observations see Engelbracht et al. (2010) in this volume).
In this letter, we present far-infrared spectral line maps of the circumnuclear starburst ring and the large-scale bar of NGC 1097, obtained with the PACS spectrometer on board the ESA Herschel Space Telescope (Pilbratt et al. 2010) . The maps presented in this letter are the first PACS spectral maps from the KINGFISH program. Throughout this paper we assume a distance to NGC 1097 of 19.1 Mpc (Willick et al. 1997) , which gives a projected scale of 1 ′′ = 92 pc. CN observations were carried out between January 4 and January 22, 2010, with an observing time of 19.4 hrs, with 17.7 hrs on-source. WS observations were carried out between January 4 and January 22, 2010, and the observing time was 6.6 hrs, of which 3.6 hrs are on-source. Five different regions were observed: the nucleus, two extranuclear positions at the outer ends of the bar, and one strip at each side of the nucleus, following the minor axis of the galaxy. CN observations were obtained in a 2 × 2 raster in the nucleus for all five target lines (with a step size of 9. In the basic CN mode, the telescope chops between two regions of sky 6 ′ apart, with the target placed alternately in one or the other beam. WS observations were obtained for the same lines in a 2 × 2 raster in the nucleus, two short strips along the minor axis on each side of the nucleus, and in two extranuclear positions to the north and south of the nucleus. Line fluxes obtained from WS data in the same regions were in all cases comparable within the flux uncertainties to CN results, and the KINGFISH survey will utilize WS for the remainder of the sample. Here we focus on the CN observations, which have the best signal to noise ratios.
Observations and data reduction
The spectra were reduced using HIPE (Herschel Interactive Processing Environment), Special Development version 3.0 CIB 1134. The pipelines remove detector artifacts, obvious cosmic ray signatures and apply ground-based flat-field corrections. Dark-current subtraction was done for the WS case. Additional band-dependent scale factors were applied to the post-processed extracted fluxes to adjust the ground-based absolute calibration to in-flight observations of calibrators 1 . The uncertainty in the line fluxes is dominated by the absolute flux calibration. The flux calibration uncertainties are on the order of 30%, and pixel-topixel relative calibration uncertainties are on the order of 10%.
Results
In Fig. 1 we present an overlay of the [CII] 158 µm maps of the nuclear and extranuclear regions of NGC 1097 on a 24 µm image taken with the Multiband Imaging Photometer for Spitzer MIPS (Rieke et al. 2004) . The 24µm emission is well traced by the [CII] 158 µm emission in all the regions where [CII] 158 µm emission is observed. As there are no CN observations of the northern extranuclear region, we show a WS map, which clearly follows the detailed structure evident in the 24µm image. The signal-to-noise ratio in the minor axis strips is very low, and these data are not shown in Fig. 1 .
In Fig. 2 ′′ scales will be required in order to further separate real physical components in a system as small as the NGC 1097 ring.
To extract integrated spectra from the line maps, we selected a circular region of 23.
′′ 8 in radius centered on the nucleus which includes the ring, but avoids the noisy edges of the map. The continuum subtracted velocity profiles for each line are shown in Fig. 3 . In all cases, zero velocity was defined as v sys = 1271 km s −1 . An overplot of the [CII] 158 µm velocity profile made from the WS data is also shown for comparison, which has a peak flux of ∼ 90% of the CN peak, within the flux uncertainty. The smooth appearance of the [CII] 158 µm and the [NII] 122 µm line profiles is due to the worse spectral resolution at these wavelengths. The small difference is attributed to transients in the CN data which are not present in the WS data. The most notable characteristic of these profiles is that they are all doublepeaked, which is expected for a rotating ring. In Fig. 4 we show the velocity map of [OI] 63 µm. The velocity spans a range of ±220 km s −1 , being redshifted to the SE, and blueshifted to the NW. The [OI] velocity field is consistent with circular rotation also seen in ionized (Hα, Fathi et al. (2006) ) and molecular gas (CO (2-1) Hsieh et al. (2008) ). In Table 1 we present the integrated line fluxes for the nucleus and extranuclear positions.
Diagnosing the ionized and neutral gas properties
With the line maps we can study spatial variations in the properties of the warm atomic gas. Fine structure line ratios trace the intensity of the incident radiation field G 0 on the neutral gas and the electron gas density n e , respectively (e.g., Kaufman et al. 1999) . In Fig. 5 (Colbert et al. 1999) , but similar to the values found for most star-forming galaxies (Malhotra et al. 2001) . The peak in the [OI] 63 µm/[CII] 158 µm map coincides with the N peak in the PACS 70µm map, suggesting that at this location, a star formation rate density higher than in the rest of the ring is enhancing both dust emission and [OI] 63 µm line emission. The ratio is also enhanced on a region where the ring and the dusty spiral arms intersect, which indicate a possible shock contribution to the [OI] 63 µm flux. Models of emission lines from shocks (Hollenbach & McKee 1989) Kaufman et al. (1999) models for n < 10 4 cm −3 , we estimate G 0 to lie between 60 − 300, and using Meijerink et al. (2007) , G 0 is estimated between 200 − 600. The higher G 0 found using Meijerink et al. (2007) is likely due to their lower adopted O/C abundance ratio. . The results are insensitive to typical gas temperatures (T ∼ 6000 − 10000 K) in photoionized gas. This means that the density increases by at least a factor of 5 in the ring compared to the inner region and the region where the dust lane and the ring meet. These values are similar to the central region of M82, in which a mean ratio value of 4.2 +1.6 −1.2 was measured, corresponding to a mean electron density of 180 +209 −120 cm −3 across the central 50 ′′ (Petuchowski et al. 1994) . This is also consistent with the value of ∼ 220 cm −3 from the mid-infrared [SIII]18µm/33µm ratio over the same region (Dale et al. 2007 ).
The peak in the [NII] 205 µm emission line map in Fig. 2 measure is coming from neutral gas. The gas heating efficiency, measured by the ([OI] + [CII])/FIR ratio, seems to stay constant in the mapped area. The log of the ratio is ∼ −2.2 inside the ring and ∼ −2.3 on the ring, both consistent with the values found in nearby galaxies by Malhotra et al. (2001) .
In summary, we have used the PACS Spectrometer to map the [OI] 
